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Vortices in plasmas are one of recent topics related to 
self-organization and structure formation. In the 
researches concerning vortex dynamics, however, the 
experiments have been carried out mainly in nonneutral 
plasmas. 
In the previous experiments, we have observed two 
bright ovals, which are formed spontaneously and remain 
stationary during the whole period of discharge (30 sec). 
It is found to be multipole vortices in a quasi-neutral 
ECR plasma I). In order to comprehend overall 
characteristics of plasma-vortex system, we have 
measured the two-dimensional flow-velocity field using 
a directional Langmuir probe2). 
A series of plasma images taken by an end-view CCD 
camera are shown in Fig. 1. When the external magnetic 
field is relatively strong, a uniform plasma is observed 
(Fig. 1 (a)). As the magnetic field decreases, a pair of 
bright ovals emerges. In the bright oval regions, the 
density is 6 X 1012 cm-3 and 4-5 times higher than that of 
the ambient region. Further decrease in the magnetic 
field results in the granulation of vortices as is shown in 
Fig. 1 (c) and (d). In Fig. 1 (d), which corresponds to the 
lowest magnetic field case in this experiment, three large 
vortices are formed in the center of the plasma 
surrounded by many small vortices. All these patterns 
observed have a common symmetry with respect to Jt 
rotation around the central axis. 
Flow-velocity field of ions on a plane perpendicular to 
. the magnetic field has been measured with a directional 
Langmuir probe for the case presented in Fig. 1 (b). The 
two-dimensional vector plot of flow velocity field 
superimposed on the density contour plot is shown in Fig. 
2. As seen in this figure, it is noticed that each density 
hill is a vortex rotating counterclockwise, while the 
density well between the hills is a vortex rotating 
clockwise. Therefore, the structure observed in this 
experiment is identified as a tripolar vortex. This is the 
first experimental observation of multipole vortices in a 
plasma. 
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The direction of rotation is reversed by the inversion 
of polarity of the magnetic field. This result implies that 
the plasma rotation is caused by F X B drift with a radial 
force F. The potential profile measurement reveals that 
the observed direction of rotation is opposite to the 
direction of EX B drift and is the same as electron 
diamagnetic drift. Active control of plasma rotation to 
identify the source of radial force F is now under 
investigation. 
Fig. 1. End view images of multipole vortices: (a) lcoii = 
130A, (b) lcoi! = 120A, (c) lcoi! = 106A, (d) lcoi1 = 
100A. 
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Fig. 2. 2D vector plot of velocity field and density 
contour plot 
References 
1) Okamoto, A. et al.: Proceedings of 2000 ICPP, Vol. 1, 
p. 308. 
2) Nagaoka, K. et al.: J. Phys. Soc. Jpn. 70 (2001) 131. 
